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OPT IMI ZED-DELAY MULTIPLEXER 

Background of the Invention : 
Field of the Invention : 
The invention relates to a multiplexer with an optimized 
delay. The multiplexer comprises at least two pass elements 
which can each be driven via a first path by a control signal 
directly, and via a second path by the control signal inverted 
by an inverter. 

Multiplexers and demultiplexers are usually produced using 
tristate inverters or pass elements or NAND gates. Tristate 
inverters in this context are inverters which have three 
states, namely "0" and "high resistance/' 

Fig. 3 illustrates an exemplary embodiment of a prior art 
demultiplexer with pass or transfer elements 1, 2 and an 
inverter 3. The pass element 1 comprises an n-channel MOS 
transistor 4 and a p-channel MOS transistor 5. Similarly, the 
pass element 2 comprises an n-channel MOS transistor 6 and a 
p-channel MOS transistor 7. The transistors 4 and 5 are 
connected in parallel with one another, as are the transistors 
6 and 7. A first input signal INI is fed via the source-to- 
drain path of the transistors 4, 5, while a second input 
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signal IN2 is fed via the source-to-drain path of the 
transistors 6 and 7. The outputs of the two pass elements 1, 2 
are connected to a common output node OUT. The gates of the 
transistors 5, 6 are driven by a control signal C2 which is 
5 equivalent to a control signal CTRL. The gates of the 

transistors 4, 7 are driven by a control signal CI obtained 
from the control signal CTRL via the inverter 3. This means 
that the control signals CI and C2 are inverted with respect 
to one another. 

10 

When, in the demultiplexer shown in Fig. 3, the control signal 
CI is at "0", then the transistor 4 is on, while the 
transistor 7 is off. In this case, the control signal C2 is at 
"1", which means that the transistor 5 is on, while the 
15 transistor 6 is off. In other words, when the control signal 
CTRL is at X> 1", the pass element 2 is on, while the pass 
element 1 is off. 

In the circuit arrangement shown in Fig. 3, the addition of 
20 the inverter 3 now causes the signal Cl to be somewhat delayed 
in relation to the signal C2, because it has to pass through 
the inverter 3. In other words, in the circuit arrangement 
shown in Fig. 3, the pass elements 1, 2 are each driven at 
different speeds, which is a disadvantage for time-critical 
25 applications of the multiplexer or demultiplexer, because, due 
to the fact driving occurs at different times, the input 
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signals INI and IN2 are supplied to the output OUT with the 
same delay. 

Summary of the Invention : 
5 It is accordingly an object of the invention to provide an 

optimized-delay multiplexer or demultiplexer, which overcomes 
the above-mentioned disadvantages of the heretofore-known 
devices and methods of this general type and which is capable 
of providing a time- synchronous output signal for time- 
10 critical applications as well. 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, an optimized-delay 
multiplexer or demultiplexer, comprising: 

15 a first path carrying a control signal and a second path 
receiving the control signalm- 
an inverter connected in the second path for inverting the 
control signal and forming an inverted control signal; 

a first pass element connected in the first path and driven by 
20 the control signal directly; 

a second pass element connected in the second path and driven 
by the inverted control signal; and 
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a third pass element connected in the first path for 
simulating a delay caused by the inverter. 

In accordance with an added feature of the invention, the 
5 first pass element has an input receiving an input signal and 
the second pass element has an input receiving an input signal 
separate from the input signal of the first pass element. 

In accordance with an additional feature of the invention, the 
10 first pass element has an input receiving an input signal and 
the second pass element has an input receiving the input 
signal in an inverted state. 

In accordance with a concomitant feature of the invention, the 
15 first, second, and third pass elements each include an n- 
channel MOS transistor and a p-channel MOS transistor 
connected in parallel with the n-channel MOS transistor. 

In other words, the above-noted objects of the invention are 
20 satisfied with a multiplexer of the type mentioned in the 

introduction in which the first control path is provided with 
an additional pass element which simulates the delay caused by 
the inverter. 

25 Hence, the optimized-delay multiplexer (or demultiplexer) 

according to the invention uses an additional optimized pass 

-4- 
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element in the path of the control signal which is not 
provided with an inverter. The additional pass element 
simulates the time delay inevitably introduced by the 
inverter, so that the respective control signals arrive at the 
5 pass elements simultaneously. 

It has also been found that pass elements are generally more 
suitable as "switches" than are tristate inverters, if the 
latter are observed using a process window. Tristate inverters 

10 are active or amplifying switches in which process 

fluctuations have a much more pronounced effect on the 
switching speed than on ^passive" pass elements. Thus, in a 
poor p-channel FET, the rising output edge is slow, whereas 
this is the falling output edge in the case of an n-channel 

15 FET. This means that the variation of pass elements obtained 
from a wafer is smaller than process-related fluctuations 
during the manufacture of tristate inverters. 

The inertia of the pass elements during switching also causes 
20 an output signal to be produced which is delayed uniformly 
with respect to the control signal, even if the individual 
control signals for the respective pass elements do not switch 
at exactly the same instant. 



25 Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 
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Although the invention is illustrated and described herein as 
embodied in an optimized-delay multiplexer r it is nevertheless 
not intended to be limited to the details shown,, since various 
5 modifications and structural changes may be made therein 

without departing from the spirit of the invention and within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
10 however, together with additional objects and advantages 

thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
accompanying drawings . 

15 Brief Description of the Drawings : 

Fig. 1 is a circuit schematic of a first exemplary embodiment 
of the multiplexer according to the invention; 

Fig. 2 is a circuit schematic of a second exemplary embodiment 
2 0 of the multiplexer according to the invention; and 



Fig. 3 is a circuit schematic of a prior art multiplexer. 
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Description of the Preferred Embodiments : 

Identical and functionally equivalent components in Figs. 1 
and 2 are identified with the same reference symbols as in 
Fig. 3. 

5 

Referring now to the figures of the drawing that illustrate 
the invention and first, particularly, to Fig. 1 thereof, 
there is seen an additional pass element 8 in the path of the 
control signal C2 . Like the pass elements 1 and 2, the 
QLO additional pass element 8 comprises an n-channel MOS 
hi transistor 9 and a p-channel MOS transistor 10. Gates of these 
^ transistors 9 and 10, which are connected in parallel with one 

another, like the transistor pairs 4, 5 and 6, 7, have supply 
r , voltages VDD and VSS, respectively, applied to them. 

; ; 1 5 

j| The pass element 8 is designed or "optimized" such that its 
delay is equivalent to the delay of the inverter 3. This 
ensures that the signals CI and C2 obtained from the control 
signal CTRL switch the transistors 4 to 7 at the same time, so 
20 that, for time-critical applications as well, the output 

signal is guaranteed to be obtained at the output OUT with the 
same delay in each case. 



Fig. 2 shows an exemplary embodiment in which there is only 
25 one input signal INI, which is fed to the pass element 1 

directly and to the pass element 2 via a further inverter 11. 

-7- 
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One advantageous use of the multiplexer according to the 
invention, for example, is where the control signal CTRL is 
dynamic and input signals INI, IN2 are more likely static, for 
5 example in order to produce an XOR gate in which the control 
signal CTRL has a constant delay up to the output OUT. 
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We claim : 

1. An optimized-delay multiplexer, comprising: 

a first path carrying a control signal and a second path 
receiving the control signal; 

an inverter connected in said second path for inverting the 
control signal and forming an inverted control signal; 

a first pass element connected in said first path and driven 
by the control signal directly; 

a second pass element connected in said second path and driven 
by the inverted control signal; and 

a third pass element connected in said first path for 
simulating a delay caused by said inverter. 

2. The optimized-delay multiplexer according to claim 1, 
wherein said first pass element has an input receiving an 
input signal and said second pass element has an input 
receiving an input signal separate from the input signal of 
said first pass element. 

3. The optimized-delay multiplexer according to claim 1, 
wherein said first pass element has an input receiving an 
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input signal and said second pass element has an input 
receiving the input signal in an inverted state. 

4. The optimized-delay multiplexer according to claim 1, 
wherein the first pass element, the second pass element, and 
the third pass element each comprises an n-channel MOS 
transistor and a p-channel MOS transistor connected in 
parallel with said n-channel MOS transistor. 
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Abstract of the Disclosure : 

The optimized- del ay multiplexer includes at least two pass 
elements that are respectively driven via a first path by a 
control signal directly, and via a second path by the control 
signal inverted by an inverter. A further pass element is 
connected in the first path to simulate the delay caused by 
the inverter. As a result, the at least two pass elements are 
switched simultaneously. 
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